In this paper, we briefly review the structure of fish ears, with an emphasis on structural regionalization within the ear. We also review the central projections of the ear, along with a discussion of the limited data on projections to the M-cell.
Substantial progress has been made in our understanding of the structure and function of the auditory system in teleosts since the earliest studies of the relationship of the M-cell and inner ear [e.g., Bartelmez, 1915; Bodian, 1937 ].
-As a consequence, it is necessary to reexamine what is known about the interactions of the two systems. Iri fact, data on the function of the ear may help us to better understand the relationship between the ear and the M-cell.
While it is likely that the M-cell is stimulated by otolithic endorgans of the ear (see below), the endorgan primarily responsible for stimulation is still not clear. In addition, recent data on the structure and function of the ear suggest that each of the endorgans is multifunctional and that 'the ears' of fishes are far more complex structurally than previously thought. Consequently, it is possible that different ear regions subserve different functions (even modalities) and that the M-cell is affected by small, and possibly specialized, regions of the ear. As will be discussed below, neuroanatemical and physiological studies of M-cell afferents
• +J+ from the ear tend to support this argument.
The thrust of this paper is two-fold. First, we will briefly review the structure of fish ears, with an emphasis on structural regionalization within the ear. Second, we will review the central projections of the ear, along with a discussion of the limited data on projections to the M-cell.
Heterogeneity of the Otic Endorgans
Before starting this discussion we want to make a critical point regarding the diversity in structure found among ears of different species of bony fishes [e.g., Retzius, 1881].
While we do not know the functional significance of this diversity, we have argued that there is no such thing as 'the' fish ear [Platt and Popper, 1981 ; also see Schellart and Popper, 1992; Popper and Fay, 1993; Popper and Platt, 1993] , since it is highly likely that the variation in ear structure also represents diversity in ear function. In particular, there are substantial inter-specific differences in hearing capabilities and in structure of the ear (and possibly in the central per et al., 1982; Platt and Popper, 1984] . In such a system, some regions would respond to one type of signal (e.g., different frequency and/or modality), and other regions would respond to another type of signal.
Evidence for Heterogeneity
The argument for heterogeneity is based upon (a) gross structure of the ear, (b) lengths of ciliary bundle on hair and Popper, 1992] .
Ciliary Bundle Length and Distribution
Each ciliary bundle on a sensory hair cell consists of a single true cilium, the kinocilium, and 40 or more microvillus-like stereocilia. The kinocilium is longer than the stereocilia, and the whole bundle may vary in length, depending upon the location of the hair cell on the epithelium [e.g., Dale, 1976; Platt, 1977; Popper, 1977; Platt and Popper, 1981, 1984; Wegner, 1982] . For example, the ciliary bundles on the hair cells are graded in length along the saccule in otophysan fishes (e.g., goldfish, catfish), with the shortest being at the rostral end and the longest at the caudal [Platt, 1977; Platt and Popper, 1984] . is not at all certain, we suggest that it is possible that only certain ear regions provide appropriate input to excite the M-cell. Thus, it will only be after detailed analysis of the relationship between the ear and M-cell that we will understand the way that the two systems interact. Three of the nuclei receiving octaval input are present at, or adjacent to, the entrance of the eighth nerve ( fig. 2b, c) .
Central Projections of the Eighth Nerve
The largest of these, the descending nucleus, is somewhat triangular in shape, with the more dorsal region extending medially. Just rostral to the main body of the descending nucleus is the magnocellular nucleus. In teleosts, the tangential nucleus lies ventral and lateral to the magnocellular nucleus. Rostral to the entrance of the eighth cranial nerve is the anterior nucleus ( fig. 2a) , and the most caudal nucleus in the octaval column is the posterior nucleus ( fig. 2d ).
The medullary nuclei do not receive identical input from the otolithic endorgans and the semicircular canal cristae.
The anterior octaval nucleus receives input from the three canal cristae and the three otolithic endorgans. An auditory function has been ascribed to this nucleus, due to the presence of afferents ascending to the auditory portion of the midbrain (the medial torus semicircularis) in Cyprinus [Echteter, 1984 [Echteter, , 1985 and Gillichthys [Northcutt, 1980] . [Meredith, 1985] . In this and other clupeids, Meredith and Butler, 1983, and McCormick, 1992] . Szabo et al. [1978] and Bell [1981] In addition to these studies on fishes with inner ear spe- variation as yet.
Summary and Conclusions
In this paper we have reviewed evidence for substantial heterogeneity in the organization of the •tic endorgans of several fish species. Also, we have shown that, despite years of investigation, the projections from the ear to the Mauthner cell are not well understood.
While earlier studies suggested that the saccule of Carassius projects to the M-cell, the evidence is neither strong nor exclusive for that endorgan. Clearly, the relationship between the ear (and lateral line) and the M-cell needs to be examined in far greater detail than has occurred in the past. 
